We use a sample of blue horizontal branch (BHB) stars from the Sloan Digital Sky Survey Data Release 7 to explore the structure of the tidal tails from the Sagittarius Dwarf Galaxy. We use a method yielding BHB star candidates with up to ∼ 70% purity from photometry alone. The resulting sample has a distance precision of roughly 5% and can probe distances in excess of 100 kpc. Using this sample, we identify a possible extension to the trailing arm at distances of 60−80 kpc from the Sun with an estimated significance of at least 3.8σ. Current models predict that a distant 'returning' segment of the debris stream should exist, but place it substantially closer to the Sun where no debris is observed in our data. Exploiting the distance precision of our tracers, we estimate the mean line-of-sight thickness of the leading arm to be ∼3 kpc, and show that the two 'bifurcated' branches of the debris stream differ by only 1 − 2 kpc in distance. With a spectroscopic very pure BHB star subsample, we estimate the velocity dispersion in the leading arm, 37 km s −1 , which is in reasonable agreement with models of Sgr disruption. We finally present a sample of high-probability Sgr BHB stars in the leading arm of Sgr, selected to have distances and velocities consistent with Sgr membership, to allow further study.
INTRODUCTION
Tidal debris from dwarf galaxies and stellar clusters dissolving in the Milky Way potential are an important contributor to the stellar halo of the Milky Way (e.g., Searle & Zinn 1978; Ibata et al. 1994; Bullock et al. 2001; Bullock & Johnston 2005; Belokurov et al. 2006a; Bell et al. 2008) . In recent years, many elongated substructures have been found in the stellar halo of the Milky Way (e.g., Ibata et al. 1995 Ibata et al. , 2003 Yanny et al. 2003; Grillmair & Johnson 2006; Grillmair & Dionatos 2006; Grillmair 2006; Belokurov et al. 2007 ) and around other nearby galaxies such as Andromeda (e.g., Ibata et al. 2001a; McConnachie et al. 2009) , and a number of external galaxies (e.g., NGC 891; Mouhcine et al. 2010; NGC 5907; Zheng et al. 1999; Martínez-Delgado et al. 2008 showing that the build-up of stellar halos through accretion of satellite galaxies is a common phenomenon. Besides the general implications such stellar satellite debris has for building and testing the galaxy formation paradigm, the detailed investigation of the individual structures provides important information about the specific formation history of individual galaxies. The spatial distribution and kinematics of the tidal debris of dwarf galaxies or globular clusters is also an important source of information about the gravitational potential of the Milky Way (e.g., Johnston et al. 1999; Helmi 2004a; Law et al. 2005; Fellhauer et al. 2006; Koposov et al. 2009; Law & Majewski 2010a; Peñarrubia et al. 2010a) .
In this context, the Sagittarius stellar stream (Sgr), the most massive stellar stream around the Milky Way, is a central case study. Discovered in 1994 (Ibata et al. 1994) , the tidal tail has been charted across more than one full wrap around the Milky Way in M-giants (Majewski et al. 2003 , see also Yanny et al. 2009 ), main sequence stars (Belokurov et al. 2006a) , clusters (e.g. Bellazzini et al. 2003 , and references therein), and blue horizontal branch (BHB) stars (Newberg et al. 2003; Monaco et al. 2003; Clewley & Jarvis 2006; Yanny et al. 2009; Niederste-Ostholt et al. 2010) . The spatial tightness of the stream in combination with its full 360
• span makes it an important probe of the potential (e.g., Helmi & White 1999; Moore et al. 1999; Ibata et al. 2001c Ibata et al. , 2002 Johnston et al. 2002 Johnston et al. , 2005 Helmi 2004a ; Lewis & Ibata 2005; Binney 2008 ), of the disruption process (Ibata et al. 2001b; Helmi & White 2001; Peñarrubia et al. 2010b) , and of the impact of population gradients and cluster contents of the Sgr dwarf on the properties of the tail (e.g., Da Costa & Armandroff 1995; Majewski et al. 2003; Martínez-Delgado et al. 2004; Bellazzini et al. 2003; Law & Majewski 2010b) .
Despite the wealth of observational data, models of the stream have failed so far to match all the observational constraints by quite a margin. To explain the observations different galaxy potentials have been invoked, with arguments for prolate (Helmi 2004b; Law et al. 2005) , spherical (Fellhauer et al. 2006 ), oblate or triaxial (Law & Majewski 2010a ) dark matter potentials. To explain some striking features, such as the 'bifurcation' (Belokurov et al. 2006a ), Peñarrubia et al. (2010b) invoked that the progenitor of the Sgr stream may have been a rotating disk galaxy rather than a pressure-supported dwarf galaxy as assumed by most previous models. However, no single models seems to explain all parts of the stream while it is also not entirely clear that all the overdensities found in the plane of the Sgr stream are actually remnants of the same progenitor. A more precise and more complete empirical picture of the Sgr stream could be crucial in clarifying this issue, and this constitutes the central goal of the present paper.
In recent studies of the Sgr stream, there has been increased attention toward BHB stars as a tracer population. Due to their relative brightness they can be observed out to ∼ 100 kpc in the stellar halo of the Milky Way using Sloan Digital Sky Survey (SDSS) data. However, to take full advantage of area coverage of surveys such as SDSS, the identification of these stars needs to be done with photometric data alone. Many publications based their selection on color boxes (Yanny et al. 2000 (Yanny et al. , 2009 Niederste-Ostholt et al. 2010 ) that included a significant contamination from other blue stars (primarily blue straggler (BS) stars). Such contaminants can dominate in number, and are 1-2 mag fainter in absolute magnitude, confusing the interpretation of halo structure using such samples.
In this paper, we use SDSS data in the North Galactic Cap to study Sgr tidal debris. We choose color-selected BHB star candidates as sparse tracers of the ancient, metal poor populations with well-defined absolute magnitudes, that are ∼ 3 − 4 magnitudes brighter than the densely populated mainsequence turn-off (MSTO) stars. Going beyond other recent studies (e.g., Yanny et al. 2009; Niederste-Ostholt et al. 2010) of the Sgr system in BHB stars we use a refined selection technique based on a spectroscopic training sample which reduces the contamination by other stellar populations (Bell et al. 2010) . We show empirically that the distance uncertainties in our sample are small, of the order of 5%. We use these stars to chart out the Sgr stream, focusing on three issues: delineating the distant (> 50 kpc) overdensities that may be associated with the Sgr trailing arm, on constraining and measuring the thickness of the leading arm, and on presenting a sample of high-probability Sgr BHB star candidates with positions and velocities consistent with Sgr membership for further study. Furthermore we are explore the bifurcation that has been found by Belokurov et al. (2006a) perpendicular to the orbital plane of the stream and its appearance in BHB stars.
2. DATA 
Blue Horizontal Branch Stars
For this study, we use Data Release 7 (Abazajian et al. 2009 ) of the SDSS to probe the Sagittarius stellar stream with BHB stars. The SDSS is an imaging and spectroscopic survey that has so far mapped a little over ∼ 1/4 of the sky. Imaging data are produced simultaneously in five photometric bands, namely, u, g, r, i, and z (Fukugita et al. 1996; Gunn et al. 1998; Hogg et al. 2001; Gunn et al. 2006) . The data are processed through pipelines to measure photometric and astrometric properties (Lupton et al. 1999; Stoughton et al. 2002; Smith et al. 2002; Pier et al. 2003; Ivezić et al. 2004; Tucker et al. 2006) and to select targets for spectroscopic follow-up (Blanton et al. 2003; Strauss et al. 2002) .
The horizontal branch is populated by stars which have developed past the main sequence stage and are now burning helium in their cores and hydrogen in the shell. BHB stars have the dual advantages of a high luminosity (allowing probing of the Milky Way halo to > 100 kpc), and have a small intrinsic spread in absolute magnitudes. Their main disadvantage is that the selection of a clean sample of BHB stars is challenging from photometry alone. While broad cuts in u − g and g − r are sufficient to isolate BHB stars and other A-type stars (expected to be BS stars; Preston & Sneden 2000 , Sirko et al. 2004 ) from lowredshift quasars and white dwarfs, distinguishing BHB stars from the BS contaminants is considerably more challenging (e.g., Kinman et al. 1994; Wilhelm et al. 1999; Clewley et al. 2002; Sirko et al. 2004; Kinman et al. 2007; Xue et al. 2008; Smith et al. 2010) . Previous works have used broad color cuts designed to mitigate this contamination (Yanny et al. 2009 and Niederste-Ostholt et al. 2010 used the selection in Figure  10 (g − r) space where the fraction of targets classified as BHB stars exceeds 10%, 30% and 50%, respectively; the 50% contour is thicker than the others. In what follows we focus primarily on BHB star candidates whose colors fall within the 50% contour.
for their faint sample of BHB candidates). Yet, these methods all suffer from very substantial contamination from BS stars.
Spectroscopy permits a fairly clean separation of BHB stars from BS stars on the basis of surface gravity dependent Balmer line profiles. Xue et al. (2008) , following Sirko et al. (2004) , use a two-stage cut to distinguish BHB from BS stars. First, stars in the color box 0.8 < u − g < 1.6 and −0.5 < g − r < 0.0 with a relatively low line width and low flux in the line core relative to the continuum are chosen (this reduces contamination to ∼ 50%). Then, a Sérsic profile is fitted to the Balmer lines. By combination of these two criteria, a > 90% pure sample of BHB stars is isolated. Unfortunately, SDSS spectroscopy of BHB stars (mostly from SEGUE) is limited to certain areas of sky, and only relatively bright BHB stars are targeted, meaning that BHB stars more distant than 50 kpc are not well-probed by the SDSS. Therefore, we have re-addressed the issue of photometric selection of BHB star candidates (described in full in Bell et al. 2010) . We use the spectroscopic classifications of m g < 18 stars from Xue et al. (2008) as a training set. We calculate the probability of a star in the color box 0.8 < u − g < 1.6 and −0.5 < g − r < 0.0 being a BHB star from this training set (Figure 1 ). Blue data points show stars that are very likely to be BHB stars on the basis of their spectra (a contamination of much less than 10% has been argued by Xue et al. 2008 and Sirko et al. 2004 for m g < 18). The thick contour outlines the region of color-color space where the fraction of BHB candidates that are spectroscopically-classified BHB stars is > 50% and there were more than 16 stars in a bin of 0.025×0.04 mag. Applying this selection to the SDSS DR7 (Abazajian et al. 2009 ), we obtain a candidate sample with 389,785 stars within the 0.8 < u − g < 1.6, −0.5 < g − r < 0.0 color box. In the following we apply a lower probability limit of 50% for the photometric sample reducing the sample size to 28,270 stars. Tests show that this '> 50%' probability sample isolates half of the m g < 18 BHB star population, with a contamination of 20 − 30%. Performance at fainter limits is expected to degrade gradually, with increasing incompleteness and contamination (at m g ∼ 20 roughly 1/4 of BHB stars are expected to be kept, and contamination may be as severe as 50%; Bell et al. 2010 ). We will later test the influence of changing the probability cuts (and therefore completeness/contamination) in Section 3.1.
Kinematic Sample
The radial velocity sample, which is a sub-sample of the photometric sample, was selected based on the spectra as described above offering a much higher BHB purity 90% than the method applied on the stars with photometry only. To not unnecessarily restrict the sample size, we use the full radial velocity sample in these cases and ignore for these stars the probabilities which were assigned based on their colors (i.e., we do not use the lower probability limit of 50% mentioned above). The total sample size is 5233 stars, of which 807 are located in the Sgr plane (see Section 2.1.2). From these 807 stars 616 would fulfill the 50% probability criterion, giving a success rate of spectroscopic BHB stars in this selection of 76%. Throughout this paper the radial velocities are given in the Galactic standard of rest, which are the heliocentric radial velocities corrected for the Galactic rotation assuming a rotation velocity of 220 km s −1 for the local standard of rest and (+10.0,+5.2,+7.2) km s −1 for the solar motion where the directions are defined as pointing towards the Galactic center, in the direction of rotation and towards the north Galactic Pole (see Xue et al. 2008 , for details).
Sagittarius in a Galactic Plane
For much of our analysis, we focus on stars in the presumed orbital plane of the Sgr stream only. We define this 'Sagittarius plane' to encompass the Sgr stream and the Galactic Center; this is presumably close to the orbital plane of the Sgr stream. To ensure consistency with models, we use the same pole as the Two Micron All Sky Survey (2MASS) papers (e.g. Majewski et al. 2003) at (l, b) = (273
• .8, −13
• .5). Stars are considered to be in the plane if they lie within ± ∼ 27
• of this plane; this definition naturally yields not a plane but a wedge, whose physical thickness increases with distance from the Sun. Stars are projected onto this plane by conserving the distance to the Sun (i.e., the plane is a projection of shell segments onto the plane). The Sagittarius plane defined here includes 73,066 stars (6905 with a BHB star probability greater than 50%) from the total 389,785 stars (28,270 with a BHB star probability greater than 50%) in the SDSS volume that are inside the color box.
Empirical Distance Uncertainties
As distance precision for the BHBs plays an important role for our analysis, we use several known globular clusters and dwarf spheroidals to determine both the statistical and systematic uncertainties of the distance determination 1 . A colormagnitude diagram (CMD) for one of the dwarf spheroidals FIG. 2.-BHB section of the color magnitude diagram for the Ursa Minor dwarf spheroidal galaxy. The diamonds represent the ugr-color selected BHB star candidates with ≥ 50% BHB probability; the rest of the sample with lower probabilities is shown as crosses. It can be clearly seen that there is a trend towards fainter magnitudes for bluer colors; the g − r dependent Mg calibration of Sirko et al. (2004) follows this trend closely. The vertical line shows the position of the color cut applied to distinguish between red and blue BHB stars.
is shown in Figure 2 . The typical shape of the blue horizontal branch shows a nearly horizontal part at redder colors and a gradual trend towards fainter magnitudes at the blue end, as can be seen in Figure 2 . Overall this trend causes an increase in the magnitude spread and therefore distance measurement uncertainties toward bluer colors. As we will show in Section 3.1, the Sagittarius stream shows a larger concentration of 'red' BHB stars. This indicates that studying the red BHB stars separately can have two benefits compared to looking only at the sample as a whole. i) The signal strength for the stream will increase, and ii) the uncertainties introduced by the deviations from the horizontal shape of the horizontal branch can be reduced.
Therefore, we divide the sample into a blue and a red part for further analysis. The g − r value at which we apply the cut throughout this paper is illustrated in Figure 2 by the vertical line. This cut is chosen to divide the bright stars of the sample (g < 18.5 mag) in equally populated halves. We determine the statistical error of the distance measurement for BHB stars by measuring the spread of their distance moduli within one cluster (whose line-of-sight extent is negligible). The distance modulus distribution for the objects is shown in Figure 3 . We fit Gaussians to these distributions and use the standard deviation for estimating the statistical distance uncertainty δD/D. We measure the mean value and the standard deviation for both the red part and the > 50% BHB probability sample (see Table 1 ). The distribution in distance modulus of red and blue stars is also shown in Figure 3 indicated by the blue and red shaded areas. The results are shown in Table 1 . The mean statistical distance uncertainty for the objects listed here is 4% for the > 50% sample and 6% for the full sample.
Comparison with prior distance determinations (see Table  1 ) showed a systematic underestimation of the distances in our results. This effect is of the order of 4% in distance, but also includes some variance which is probably also partly due FIG. 3.-Distance accuracy for individual BHB stars. The panels show the distance modulus distribution of photometrically selected SDSS BHB stars in four clusters and dwarf spheroidal galaxies. For each object, a Gaussian is fitted to the full sample (unfilled histogram) to measure the width of the distribution as an estimate of the distance uncertainty. The gray histogram shows only the stars with a BHB probability greater than 50% (Figure 1) , the ones filled with vertical red and horizontal blue lines give the distribution for the red and the blue part of the horizontal branch, respectively. Clearly these clusters have a larger concentration of red BHB stars. Results of the fit to both the > 50% BHB probability sample and the red part are shown in Table 1 . The statistical distance uncertainty δD/D resulting from the fits to the full sample is also given in the plots, being a bit higher for the full sample and a bit lower for the > 50% sample than the expected value of δD/D ∼ 0.05 (Sirko et al. 2004). to the fact that the literature values were determined with different methods.
With this test we cannot probe uncertainties in the distance determination that arise from a spread in metallicity. The metallicity-dependent BHB star models of Dotter et al. (2007) and Dotter et al. (2008) indicate a significant contribution to the distance uncertainties by a range of metallicities in the halo BHB stars. The overall uncertainty accounting for a combination of the scatter we see in single metallicity populations and the contribution of a scatter introduced by having a variety of metallicities is estimated to be less than 10% in Bell et al. (2010) . In what follows we account only for the uncertainty which was estimated using single metallicity populations, which may underestimate the overall distance uncertainties (5% vs. < 10%).
As a comparison data set we use M giants from the 2MASS (Skrutskie et al. 2006) to compare the distance scale of our BHB star data set in relation to other stellar populations, which were used for studying the Sgr stellar stream. In particular, this M giant data set was also used as the basis for the models we will compare to later. M giants can be used as distance indicators out to large distances making them a good stellar population for studying the Sgr system (especially in the near infrared). Due to the complete coverage of the sky, it is possible to observe the stellar stream along its whole orbital path. A disadvantage of M giants as distance indicators is their rather large distance uncertainties (argued to be ∼ 17%; Law et al. 2005) , and a likely distance offset with the BHB NOTE. -Mean and standard deviation in distance modulus for four clusters and dwarf galaxies given for a subsample with a BHB star probability > 50% and for the red BHB stars only. The second to last column gives the inferred distance uncertainty δD/D for the > 50% sample of the color-selected BHB stars. The mean value is 0.04, which is a bit lower than the mean value of the full sample of 0.06. As literature values we give the mean values and standard deviations from a number of studies as listed. In the last column, the relative distance offset is given which was calculated using the literature values listed in the table.
a Harris (1996) . FIG. 4.-Distribution of M giants from 2MASS in the Sagittarius orbital plane is shown as red dots with a gray BHB star probability map in the background (see Section 3.1). For both the BHB stars and the M giants we exclude the inner 20 kpc. The M giant population in the leading arm (+20,+35) appears closer to the Sun than the BHB stars, which we interpret as an 8% mismatch in the distance scale between the two different populations. Furthermore, the leading arm appears to be much more compact in width in BHB stars than in M giants, presumably a reflection of the substantially larger distance uncertainties in the M giants. and literature distance scales.
We derive a sample of M giants from the full 2MASS catalog following the method described in Majewski et al. (2003) for which we show the distribution in the plane of the Sgr stellar stream in Figure 4 . The comparison with the BHB star population also shown in this plot reveals a distance offset between the two populations with the M giants being about ∼ 8% closer to the Sun than the BHB stars in the leading arm region of Sgr. As the distances of M giants are less well determined than those of BHB stars we also see a difference in the width of the leading arm in the different populations; the width seen in BHB stars is only ∼ 40% of that seen in M giants as it appears in the samples presented here. Obviously this mismatch will propagate through to the models based on M giant observations (e.g., Law et al. 2005; Law & Majewski 2010a) , so that we are expecting to see this mismatch to some degree in the comparison to these models. Note that we do not adjust our distance scale (or those of other data or models) to account for possible distance offsets in either case (the ∼ 4% mismatch between the BHB distance scale and the literature determinations, or the ∼ 8% mismatch between the BHB and M giant distance scales). In particular, this means that throughout the paper different data sets or models shown in the same plot can have different distance scales. Note that the offset to the distance scales of the two comparison samples have opposite directions, while the clusters and dwarf spheroidals have systematically larger distances, the M giants have smaller distances compared to our BHB star sample. This implies an even larger offset between these distance scales of about 12%. Evidently a better characterization of the M giant distance scale would be of importance for a direct comparability of different stellar populations as distance indicators.
N-Body Models for the Sgr Stream
We will compare our BHB maps with simulations of the evolution of the Sagittarius dwarf spheroidal in the Milky Way potential Law & Majewski 2010a; Peñarrubia et al. 2010b) and summarize these models here. The Law et al. (2005) models adopt a smooth, rigid potential representing the Milky Way, which consists of a MiyamotoNagai disk, a Hernquist spheroid, and an axisymmetric logarithmic halo of different flattenings: q = 0.9 (oblate), 1.0 (spheroidal), and 1.25 (prolate). We will also use a new model by Law & Majewski (2010a) for comparison, which is based on a triaxial dark matter halo with a minor/major axis ratio (c/a) Φ = 0.72 and a intermediate/major axis ratio (b/a) Φ = 0.99 at radii 20 < r < 60 kpc. This corresponds to a nearly-oblate ellipsoid whose minor axis is contained within the Galactic disk plane and approximately aligned with the line of sight to the Galactic Center. In both model generations, the Sagittarius dwarf itself is represented by 10 5 selfgravitating particles. All of the models were constructed to fit the system of the Sagittarius stellar stream as seen in 2MASS M giants. To account for the photometric distance errors of the M giant sample, a artificial random distance error of 17% was applied to the simulated debris particles. Following the suggestion of a triaxial halo, Peñarrubia et al. (2010b) presented a model which does not assume a pressure-supported dwarf spheroidal galaxy as the progenitor of the Sgr stellar FIG. 5.-Density maps of BHB stars in a plane which includes the Sgr tidal tail and the Galactic Center. The maps are derived as explained in Section 3.1 taking into account BHB star probabilities and distance uncertainties. The four panels illustrate the dependence of these maps on the probability cut. The prominent overdensities in these maps are conserved for all probability cuts, showing that issues with the probability assignment are unlikely to affect our analysis significantly.
stream, but a late-type rotating disk galaxy. This model also reproduces a bifurcation in the leading arm of the stream as seen by Belokurov et al. (2006a) .
RESULTS

Probabilistic BHB Density Maps
We then create maps to visualize the BHB star density, which account both for the finite probability that stars are BHB stars (as described in Section 2.1) and for the distance uncertainties. We account for the distance uncertainty by viewing each star as an ensemble of 100 sub-objects, with line-of-sight distances drawn from a Gaussian distribution with 5% scatter (see Section 2.1.3) around the mean of the distance estimate for each individual BHB star. These subobjects, each of which has a probability of 1%, are then multiplied by the probability they have to be a BHB star. Throughout this paper, we only consider stars with p BHB > 0.5 unless stated otherwise. A map in the Sgr plane is then created by dividing the plane into cells for which the probabilities of the included stars are summed. The 'signal' therefore depends on both spatial abundance of stars and on probability of each to be a BHB star. These maps then get convolved with a Gaussian kernel with a size of σ = 1 kpc for presentation purposes 2 . We apply this technique to create spatial maps of the Sgr debris and for plotting the velocity distribution along the orbital longitude of the system. In Figure 5 , we illustrate the effect of different probability cuts on the Sgr plane. This is of particular interest in the context reported in Section 2.1 that the probability assignment is assumed to work less well for larger distances.
Our basic map, the distribution of BHB stars in the Sgr stream plane, is shown in Figure 6 (top panel). The uppermost panel shows the full sample of stars, where the overdensities are pointed out by dashed lines. Clearly visible is the leading arm of the stream to the right of the plot (white line). Less prominent, but still significant (see below) 3 , is the overdensity denoted by the black dashed line. In common with Newberg et al. (2003) who detected part of the overdensity and Newberg et al. (2007) where it was also shown in BHB stars, we provisionally attribute this to the Sgr trailing arm. We find further support for this overdensity in the on-sky plot of a broad distance slice (60 kpc < d < 80 kpc) covering most of the overdensity seen in the plane. Figure 7 shows the onsky view in which the plane is clearly visible as a overdense region. Also clearly visible in Figure 6 is the globular cluster NGC 2419 at (x,y)=(−80,−35), but its relation to the Sgr trailing stream is unclear.
In the direction of the leading arm, BS contamination is faintly visible as an echo of the leading arm at ∼ 80 kpc from the Sun. It is noteworthy that our selection has significantly reduced this contamination compared to, e.g., Niederste-Ostholt et al. (2010) . Since we assign all stars with p BHB > 0.5 as BHB stars this causes an overestimate of BS star distances (by 1-2 mag, or a factor of two or so in distance, as observed). We illustrate the expected location of this shadow caused by stars in the leading arm region by the dotted black lines in Figure 6 (giving the transposition of the white line for stars overestimated by 1.5 and 2 mag, respectively). We show also the Boötes dwarf, which happens to lie in the Sgr plane.
We have adopted two different methods to estimate the significance of the candidate trailing stream. In the first approach, we estimate the significance in small areas of 4 kpc × 4
• along the trailing stream. We divide the plane into areas of constant radial and angular extent, and count the number of stars in these fields. For a field i the number of stars in the field is N i . The mean number of stars in a ring with constant heliocentric distanceN ring and standard deviation of σ ring is derived for each value of heliocentric distance range to account for the increasing volume of the wedge with increasing distance (see Section 2.1.2 for a description of the geometry of the plane). We also exclude the angular range to the right of the area indicated in Figure 6 from the calculation of the FIG. 6 .-Density maps of stars with p BHB > 0.5 in a plane which includes the Sgr tidal tail and the Galactic Center. The maps are derived as explained in section 3.1 taking into account BHB star probabilities and distance uncertainties, with a minimal accepted probability of 50%. The upper panels shows the full sample whereas the two lower panels show the sample split into redder (right panel) and bluer (left panel) BHB stars. The Sun is located at the origin. To enhance the contrast in the regions of the Sgr debris the innermost 20 kpc are not shown. Clearly visible is the leading arm of the Sagittarius stream stretching approximately from −10 to 30 in x and −20 to −40 in y (indicated by the short white dashed line). This feature is very clear in the full sample and the red subsample whereas it is very patchy in the blue subsample. The two outer dotted black lines illustrate where the expected shadow of misinterpreted blue straggler stars should be assuming stars which are intrinsically 1.5 and 2 mag fainter, respectively. Another clearly visible feature is the cluster NGC 2419 at (x,y)=(−80,−35) which is, in contrast to the leading arm, more prominent in the blue. It is not clear if NGC 2419 is associated with the candidate trailing arm (see Section 3.4). We also see a very faint indication of an overdensity in the region of −80 to 20 in x and around −50 in y, spanning the region between the cluster and the leading arm (indicated by the long black dashed line). If this overdensity is real it could possibly be associated with Sgr and represent part of the trailing arm. The upper right panel illustrates the selection region used for an estimate of the significance of this overdensity discussed in Section 3.1. The Boötes dwarf galaxy can be clearly seen just above the leading arm of Sgr at (x,y)=(20,−60). mean and standard deviation for all distances to avoid the obvious overdensities from the leading arm in this area as well as the contamination at larger distances from misinterpreted BS stars. The significance of any deviation in the number of stars of each field within this sample of equidistant fields in units of the standard deviation σ for region i is given by
We take the region around the suggested position of the trailing arm as indicated in the upper right panel of Figure  6 by the dash-dotted lines and compare the average deviation of these fields with a comparison sample in the same plane but outside the trailing arm area. Note that this area does not include NGC 2419 to get a clean estimate of the significance of the proposed trailing arm. These fields are chosen in a way that the number of fields per distance interval of on-and offstream fields is the same. The 57 on-stream fields show an average deviation of +0.4σ per field, indicating a weak overdensity, whereas the 57 off-stream fields show with an average deviation of −0.6σ per field the corresponding underdensity.
To get an idea of the significance of the whole extent of the structure we adopt a larger area, as shown in Figure 6 (upper right panel). Within this region consisting of 200 fields we randomly select a number of fields, equal to the number of stream fields we used earlier, and determine the average number of stars in this selection. Applied many times this bootstrapping method gives an estimate of the mean value and standard deviation we can expect in a randomly selected structure of this size. We find a mean value of 23.5 stars per field in the large box with a standard deviation of 1.3 stars. The average number of stars in the selected structure fields is 28.5 per field which corresponds to an deviation of 3.8 σ from the mean value. The candidate stream fields are compared with all fields -including stream fields -potentially underestimating the significance.
In the two lower panels of Figure 6 , we show the maps that result after splitting the BHB sample in g − r color at g − r = −0.18, such that the number of stars with g < 18.5 is about equal in the red and blue subsamples. The main motivation to do so is to probe the variations of the stellar population in the Sgr stream. In Figure 6 , we show the red subsample in the lower right panel and the blue subsample in the lower left panel. We find that Sagittarius (especially the leading arm) is much more prominent in the red stars (see Figure 6 ) while other parts, such as NGC 2419, are dominated by blue stars.
In summary, we find Sgr's leading arm to be a prominent feature in BHB stars, even more so when the BHB star sample gets restricted to stars which are on the red part of the blue horizontal branch in g − r color. Furthermore we observe a faint overdensity stretching out over most of the plane covered by SDSS, connecting the leading arm with the globular cluster NGC 2419. This overdensity was also described by Newberg et al. (2003 Newberg et al. ( , 2007 Sgr.
Thickness of the Leading Arm, and Spatial Selection of
Sgr BHB Star Candidates In this section we measure the line-of-sight thickness of the Sgr leading arm and use this measurement to select a sample of highly likely Sgr member stars. In this subsection, we will present a selection based on the spatial distribution only which will be used for the analysis in the following subsection. Later we will restrict the selection of a 'clean sample' to the radial velocity subsample for which we apply a similar selection technique. In what follows, we restrict our attention to the Sgr leading arm; the trailing arm (and candidate trailing arm debris) is in the wrong hemisphere and/or too distant to have SDSS radial velocity information.
We adopt the heliocentric polar coordinate system defined by Majewski et al. (2003) which was also used by Law et al. (2005) and Law & Majewski (2010a) . In this system, the angle is defined as Λ ⊙ = 0
• passing through the main body of Sgr and increasing along the direction of the trailing tail of Sgr. The definition of the coordinate system is illustrated in Figure 8 where the prolate version of the models is shown together with our BHB star data in the large panel. The inset panel shows the data alone.
We first measure the width of the leading arm using the full sample of stars in the Sgr plane (not the Gaussian-distributed sub-objects), as is appropriate for measuring line-of-sight distance scatter; the distribution of the stars is shown in Figure 9 . We divide the angle-distance-plane into angular slices along an orbital angle range of 250
• and fit the distance distribution of the stellar density with a function consisting of three components: an exponential function and constant component to fit the background distribution of halo stars, and a Gaussian for the Sagittarius stream. The fit can be The yellow points show debris stripped since the last apogalacticon, while green, blue, and purple show debris which became unbound two, three, and four orbits ago, respectively. The Sun is located in the center of the coordinate system. The dash-dotted line gives the position of the Galactic Plane, with the orientation is chosen such that it falls on the x-axis. The solid black line indicates the direction to the Sgr dwarf galaxy which also defined the zero direction of the longitudinal coordinate system, with the angle Λ ⊙ increasing clockwise. To enhance the contrast in the regions of the Sgr debris, the innermost 20 kpc are not shown. Except for the 'leading arm', any data-model correspondence is not obvious.
described by the expression
2 ). The best fit was determined using a chi-square algorithm. As the Sagittarius leading arm is significantly more prominent in the red subsample of BHB stars we also apply the fit to the red part alone (see Figure 10) . For comparison the histogram of the corresponding distribution in the models (with a prolate potential) is shown by the dasheddotted line. The histogram is scaled down by a factor of seven to approximately match the number of stars in the data. The models show a bifurcation of the leading arm in distance between the debris lost in different orbits. We cannot see this in our data, the relative separation and size of the peaks are roughly of the same size as the fluctuations we see in the data in a typical angle slice. The results of the Gaussian fit are shown in Table 2 and Figure 9 ; crosses denote the mean value and the 'error' bars show the standard deviation σ around that mean.
We use these results as a first step in isolating a clean sample of BHB stars. A second-order polynomial is fit to the mean values, shown in Figure 9 . We use this line, shifted by ±2 times the mean standard deviation as borders within which we select leading arm member stars. In Section 3.5, we will refine this selection by taking into account an additional selection in velocity space. In the following we will use the spatially selected sample defined here since the kinematic selection also very strongly limits the sample size to stars FIG. 9 .-Heliocentric distance as a function of orbital longitude (see also the left column of Figure 13 ). In the left panel, the prolate model is shown as gray points. In the right panel, the data are shown with the small green points representing the photometric sample (limited to BHB probabilities > 50%) and the larger orange points representing the BHB sub-sample with radial velocities. The result of the Gaussian fit to the red BHB stars in the sample (Figure 10 ) is shown as asterisks (mean distance) and 'error bars' (width σ). We fit the mean values with a second order polynomial function (central line) and take ±2σ as our distance cuts (outer two lines). The dashed vertical lines mark the range in Λ ⊙ over which the fit to the angle slices was performed. The orange dots falling within these outlines we denote as the kinematic BHB selection for Figure 14 . which have radial velocity data available. The spatially selected sample will be limited to BHB star probabilities greater than 50%, whereas no probability cut is applied for the radial velocity sample since these stars are spectroscopically classified. Belokurov et al. (2006a) . When looking at thin distance slices of the SDSS using a population with a high abundance like MSTO stars one easily sees that the Sgr stream splits up into two parts. Given the relatively sparse distribution of BHB stars in the Sgr stream we use MSTO stars to define a selection for the two parts (see Figure 11 ). In our BHB star sample itself we do not see any indication for a bifurcation. Following Bell et al. (2008) , we select MSTO stars in a color range of 0.2 < g − r < 0.4 and a distance modulus range of 16.5 ≤ m − M ≤ 17.5 assuming an absolute magnitude of M r = 4.5. This corresponds to a distance range of 20 − 32 kpc. In Figure 11 , we show the distribution of these MSTO stars. In the upper panels, we also show the distribution of the Sgr BHB stars as spatially selected from Figure 9 . Note that the clearly identifiable part of the leading arm in BHB stars is not in the region on the sky where the bifurcation is most apparent. In the lower right panel, we illustrate the low density of BHB stars in the relevant distance slice (same distance modulus selection as for MSTO stars) with Λ ⊙ 250
Bifurcation of the Leading Arm Perpendicular to the Plane Following Yanny et al. (2009), we also look into the bifurcation of the leading arm as it was discovered by
• , which prevents us from investigating this part of the leading arm in BHB stars. Consequently, in the following we only study the leading arm for Λ ⊙ 250
• . In Figure 12 , we present measurements of the mean and width of the two branches in thin angle slices. Note that in contrast to Figure 9 this measurement was made on the pre-selected sample and not fitted to the data in the same fashion as illustrated in Figure 10 . The two branches show similar distances with a 1-2 kpc variation in the mean distance values (see also Table 3 for a listing of the results). Several studies showed a systematic separation in the distance of the two branches, such that the high galactic latitude part of the stream is closer for most of the leading arm as seen in the SDSS. Yanny et al. (2009) measured in the same way as our data. Although we do not see a clear separation in distances in our data, the mean distances of the two branches and their relation to each other are sensitive to small changes in the separation cut between the two branches. Recently, Correnti et al. (2010) measured the distances of these two branches in Red Clump stars finding also only a small offset between them which is of a similar order as found in this study (see, e.g., their Figure 13 ).
Kinematics and Comparison to Models
To improve our understanding of the origin of overdense regions of the Sgr plane and the likelihood of those overdensities being associated with the Sgr system, we compare our data with models of the Sgr debris by Law et al. (2005) , Law & Majewski (2010a) , and Peñarrubia et al. (2010b) . To complement our dataset with kinematic information, we use a sample of radial velocities determined from SDSS DR7 using the method of Xue et al. (2008) and Xue et al. (2010) (for an illustration of the spatial distribution of these stars with kinematic information in the Sgr plane, see Figures 13 and 9 ). The models are based on the 2MASS data set of M giants, see Figure 4 for their distribution. Figure 13 shows probability maps made in the same fashion as described above for both distance and velocity as a function of the orbital angle. In the three lower panels, we overplot the models by Law et al. (2005) . From top to bottom, they show the tidal debris in a prolate, spherical, and oblate Galactic halo potential. In the third and fourth rows, two models using a triaxial halo potential are shown; in the fourth row the model from Law & Majewski (2010a) and the model by Peñarrubia et al. (2010b) in the third row which, in contrast to the other models, use a disk galaxy as a progenitor of the Sgr stellar stream. In the second row, a radial velocity sample of M giants (Majewski et al. 2004 ) is shown alongside with our BHB star data set. They cover mostly parts of the stream not covered by the SDSS.
In the following, we compare the location of the predicted debris in the different models with our observations of the distribution of BHB stars. This comparison is merely meant to illustrate tentative agreements and disagreements between the models and the data with the goal of identifying features and regions of interest for further investigation, and not give a conclusive answer for a best model.
The prolate and triaxial models, which are shown in the third to fifth rows of Figure 13 , clearly show the best consistency with the leading arm which is the most prominent part in the SDSS BHB sample (at an orbital angle of 230
• and heliocentric distance between 20 and 60 kpc). On the other hand, the trailing arm from the Law et al. (2005) spherical and oblate models stretches out to larger distances than the prolate model, qualitatively (but not quantitatively) matching better the candidate Sgr debris shown in Figure 6 5 . The recent models by Peñarrubia et al. (2010b) show a trailing arm which stretches out to much larger distances than in the other models. Still, we do not see a good match with the observed overdensity. Correnti et al. (2010) report detection of a trailing arm segment in Red Clump stars which appears to be consistent with the prolate models around the crossing region of the leading and trailing arm in the range of 220
• . This feature is observed at much smaller distances than what is suggested here. We do not focus on this distance range here, as in at least our investigation we find a high degree of contamination from and/or cross-talk with the Virgo overdensity. If the detection of Correnti et al. (2010) is interpreted correctly as part of the trailing arm the overdensity seen here could possibly belong to a different trailing wrap.
Turning to the possible association of NGC 2419 with the candidate trailing arm debris, we note that the heliocentric radial velocity of NGC 2419 was measured by Peterson et al. (1986) to be −20 km s −1 which corresponds to a galactic standard of rest velocity of −14 km s −1 (Newberg et al. 2003) . This corresponds well with the hypothesis that the cluster is a part of the trailing stream near its apogalacticon (Newberg et al. 2003) . In addition, the properties of NGC 2419 are unusual in its own right (e.g., Dalessandro et al. 2008) : it is very luminous with M V ∼ In the top panels, the BHB stars which were spatially selected as member stars of the leading arm are overplotted in yellow and blue. For better visibility, the area of interest (red box) is enlarged in the top right panel. The two colors denote the selection for the two parts of the arm following the appearance in MSTO stars. In the bottom right panel the BHB star distribution in the same distance shell is shown to illustrate why we can not select stars in the closer part of the stream where we see the strongest bifurcation in MSTO stars, as the BHB stars get much less abundant in the corresponding angle range (lower half of the plot).
−9.5 and has a large half-light radius r h ∼ 25 pc (Bellazzini 2007) , placing it in a region of radius-luminosity parameter space populated also by ω Cen and M54, that have both been argued to be the stripped cores of dwarf galaxies (e.g., Sarajedini & Layden 1995; Hilker & Richtler 2000; Romano et al. 2007; Bellazzini et al. 2008; Georgiev et al. 2009 ). Yet, the situation with NGC 2419 in particular is not clear cut. There is no evidence of multiple stellar populations in NGC 2419 (Cohen et al. 2010) , in apparent contrast with the properties of, e.g., ω Cen (e.g., Ripepi et al. 2007; Sandquist & Hess 2008) . Furthermore, Casetti-Dinescu et al. (2009) have calculated a preliminary orbit for the Virgo stellar overdensity, finding that it is very eccentric, and they suggest that NGC 2419 may in fact be associated with the Virgo stellar overdensity rather than Sgr. Furthermore, we do not see a clear velocity signature of trailing debris in the SDSS velocities (although it is unclear if a signature is expected in the sparsely-sampled SDSS BHB velocity data set). Finally, the updated models of Law & Majewski (2010a) in a triaxial potential show an increased inconsistency with NGC 2419 as described by Law & Majewski (2010b) .
Although the full velocity sample as we show it in this plot does not show a very clear signal for the prominent leading arm, it is still obvious that the main overdensities (240
• ) agree best with the models for the prolate and triaxial versions. This will become clearer when we restrict the velocity sample to stars within the region of the leading arm in distance space in the next section.
A serious inconsistency with the models can be seen in the region where the trailing arm is predicted to stretch into the region covered by the SDSS (around (−60,0) and upwards in Figure 8 ). In the data we do not see a signal which would come anywhere near the intensity which is predicted by the models for this part of the arm. The absence of such a counterpart indicates a serious problem with the models. This can not be explained through differences in the stellar populations in the debris; the models predict this part to consist of stars that got unbound in the same orbits as the debris in the part of the leading arm that we can observe in the SDSS. We speculate that this discrepancy may be alleviated in models tuned to reproduce better the distances of the leading arm as traced by the BHB stars.
In the following section, we attempt to measure the velocity spread of the Sagittarius stellar stream. We continue our attempt to isolate a 'clean' sample of stars most likely belonging to the Sagittarius stellar stream. We use both positions and kinematics to achieve a high reliability of our selection. However, the size and distribution of the radial velocity sample FIG. 12.-Mean distance and distance error corrected line-of-sight thickness of the two branches as determined from the spatially selected sample of Sgr BHB stars. Blue represents the branch at higher galactic latitude and yellow the one at lower galactic latitude (see also Figure 11 ). For presentation purposes, the points are offset by half a degree to the left and right, respectively. The uncertainty of the mean value determination is determined by bootstrapping and given by the solid errorbars. The dashed 'errorbars' represent the width of each substream, also corrected for the sample selection effects via bootstrapping. For better visibility, they are offset by another half a degree. The lines show the results of the same measurement on the Peñarrubia et al. (2010b) models. We do not see a clear trend in the distance offset of the two branches as in the models and the observed offset is much smaller than predicted by the models and seen in other analyses with different stellar populations (e.g., Niederste-Ostholt et al. 2010).
limit this selection strongly.
Selection of a 'Clean Sample' of BHB Star Candidates
In this section, we continue our effort to select a 'clean sample' of Sgr BHB stars. In Section 3.2, we already made a spatial selection of the leading arm stars. In the following, we will restrict this selection to the radial velocity subsample to achieve a sample which follows the leading arm in both distance and velocity space. This selection of a 'clean sample' of Sgr BHB stars is based purely on the data, but agrees qualitatively in both distance and velocity space with the Law et al. models. Figure 14 shows the radial velocity full sample (orange), with those lying in the distance selection in red. As can be seen in comparison with the models (in gray), the selected stars are mostly concentrated in an area quite consistent with NOTE. -Results for the Gaussian fit to the radial velocity distribution of the leading arm sample. The intrinsic velocity spread is corrected for the radial velocity error and the sample composition in the bin (via bootstrapping).
the general trend of the model. We isolate candidate leading arm stars by taking angle slices in which we fit a Gaussian to the distribution of the distance-selected stars (red). Again we fit the mean values with a second-order polynomial function (see Table 4 for results). In Figure 15 , we show the trends in distance and velocity, and their intrinsic dispersions, compared with the models with prolate and triaxial potentials. Stars lying within the distance selection, and within one mean standard deviation in either direction of the velocity fit are included in our 'clean' sample (see Table 5 for a full listing of the objects). When using this sample for further analysis one has to keep in mind that it is strongly restricted by the uneven coverage and magnitude distribution of the radial velocity sample.
DISCUSSION AND CONCLUSIONS
A number of previous works have explored the properties of the Sgr tidal debris using different stellar tracers, such as main-sequence turnoff stars, M giants, subgiant stars, or BHB stars. In this paper, we have presented a discussion of the structure and properties of the Sagittarius stellar stream using candidate BHB stars selected from the SDSS coverage of the North Galactic Cap. BHB stars are in many senses an excellent tracer of tidal structure: they are luminous and can be traced to > 100kpc distances from the Sun with current surveys; they are good standard candles with ∼ 5% accurate distances; and although they are rather sparse compared to other stellar populations, they are still quite numerous in the Sgr tidal stream (with exception of the closest part of the leading arm as shown in Figure 11) . Recently, there have been a number of Sgr stellar stream studies (e.g., Yanny et al. 2009; Niederste-Ostholt et al. 2010; Correnti et al. 2010 ) also based on various stellar populations, some including BHB stars in SDSS.
In contrast to those studies, we entirely focus on BHB stars for the analysis, using other data only to relate our distance scale to other distance indicators. We attempt to use as pure a sample of BHB star candidates as is possible for our analysis, minimizing to the greatest extent possible the high levels of contamination seen in earlier studies. For charting out the global structure of the Sgr tidal stream we make use of a method that selects BHB stars from SDSS imaging data using a spectroscopic training set to isolate areas of ugr color space that give a sample that should consist of ∼ 70% BHB stars. This method does not just make binary acceptance or rejection decisions based on the position in color-space, but assign probabilities to the stars based on their position in color space. In our analysis we mostly reject stars with probabilities < 50% and make use of the probability information for the remaining sample by weighting the individual stars by their probabilities.
We evaluate the precision of our distance determination through comparison with distance measurements of known clusters and dwarf spheroidals. We see an offset in the mean values of ∼ 4% for the literature values, and a distance variance of ∼ 5%. Comparison to the M giants in the Sgr orbital plane implies that the M giant distances should be revised upward by 8% or 12% when compared with our BHB scale or the cluster distance scale in the literature, respectively. The offset to the previously adopted M giant distance scale is expected to propagate through to the models built to match the M giant observations (e.g., Law et al. 2005; Law & Majewski 2010a) . When studying the kinematics of the Sgr tidal tail, we focus on a sample of stars with SDSS DR7 spectroscopy clas- Figure 6 . The right column shows the distribution of measured heliocentric radial velocity in the Galactic standard of rest for the small subsample of BHB stars with SDSS spectroscopy. These data are repeated in the background of each row. In the second row from the top we show a sample of M giants with radial velocities from Majewski et al. (2004) in red (right, and the spatial distribution on the left), while we show the spatial distribution of our BHB star radial velocity sample in orange on the left. In the same row, the velocity of NGC 2419 is represented by the dark red star. In the lower five rows, we show different models of the Sgr debris. In the third and fourth rows, the triaxial halo models by Law & Majewski (2010a) and Peñarrubia et al. (2010b) are shown. The fifth through seventh panels show the models by Law et al. (2005) using different halo potentials: prolate, spherical, and oblate. The different colors in the models show debris from different orbits (see Figure 8 ). Comparing the BHB star maps with the models we see the best match for the leading arm region in the triaxial and prolate models for the spatial distribution. Although the radial velocity map does not resemble very well what is expected by the models, the main overdensities are also best covered by the triaxial and prolate models. Apart from the leading arm there is no good match between any of the models and the data. The overdensities in BHB stars seen at distances between ∼ 50 and 90 kpc is not reproduced quantitatively by the models, nor do we see overdensities in the regions the models predict for the trailing arm.
sified as BHB stars using the method of Sirko et al. (2004) and Xue et al. (2008) ; this sample should be > 90% BHB stars.
With these samples, we focus on four Sgr stream issues that are not well-explored in the literature: a possible extension of the trailing Sgr debris stream, the line-of-sight thickness of the leading tail, the bifurcation of the leading arm and the heliocentric distances of the two branches in BHB stars and the isolation of a small sample of high-probability Sgr member stars.
Using the photometric sample with a > 50% BHB probability limitation, we identify a possible extension to the trailing tail of the Sgr debris stream to 60 − 80 kpc. The densest part of FIG. 14.-Heliocentric radial velocity in the Galactic standard of rest as a function of orbital longitude for the Law et al. (2005) prolate model and for BHB stars in the leading arm. The radial velocity sample of BHB stars is shown by the orange and red dots (right panel); big red symbols denote stars falling into the distance selection box of Figure 9 and small orange denotes everything falling outside this selection region. The majority of red dots follow roughly the trend indicated by the models (left panel). We fit the velocity distribution of red symbols with a Gaussian, using somewhat wider angle slices than before to account for the sparser sample. The mean and standard deviation of these fits are given by the asterisks and the bars (see also Table 4 ). We apply a second order polynomial fit to the mean values and shift this by the mean standard deviation in both directions to identify a selection area for the 'clean' sample.
FIG. 15.-Distance and velocity dispersions of data from the spatial and kinematic selections for the leading arm and models. The velocities are again given in the Galactic standard of rest. We only show the models for a prolate and triaxial potential (Majewski et al. 2004; Law & Majewski 2010a ) since these showed the best consistency with the properties of the leading arm. The data points represent the mean and width measurements (bars) as presented in Figures 9 and  14 , showing a fit to the total sample on the left and the spatially selected sub-sample on the right. The data are corrected for distance uncertainties and for uncertainties resulting from the sample selection in the bins by bootstrapping. For some bins these uncertainties are too large to resolve the intrinsic width of the stream.
this feature, which coincides spatially with the globular cluster NGC 2419, was previously argued to be associated with the Sgr trailing arm by Newberg et al. (2003) . Our BHB star maps confirm a weak overdensity which may be the extension of this arm back towards the Milky Way, which was also seen by Newberg et al. (2003 Newberg et al. ( , 2007 . We estimate the significance of this feature to be around 3.8 σ as compared to random selections of the same area within a region spanning the angular range and distance of the proposed trailing arm. A concentration in this region, which is claimed to be associated with the trailing arm of Sgr was also found by Sharma et al. (2010) in 2MASS M giants through a group finding technique. Such a feature is expected qualitatively by models of Sgr disruption. Quantitatively, all models predict that this 'returning' segment of the trailing arm should be closer to the Sun along these lines of sight. Yet, BHB stars are not observed at these predicted distances, and this tension would be resolved if one instead interpreted this distant overdensity as this predicted part of the trailing Sgr arm and acknowledges a discrepancy between the positions predicted by the models and the observed location. In this context it is worth noting that recently Correnti et al. (2010) reported an overdensity in Red Clump stars consistent with the predicted trailing arm location in the prolate models in a range of 220
• . Owing to confusion between Sgr and Virgo overdensity debris at the distance ranges probed by Correnti et al. (2010) , we were unable to confirm or refute this feature. If their feature is indeed correctly interpreted as trailing arm debris, we would suggest the feature identified here may be another, more distant wrap of trailing arm debris from an earlier close passage of Sgr.
We use the > 50% probability sample to characterize the leading arm of the Sgr stellar stream more closely by measuring the line-of-sight thickness and selecting a high-probability sample of member stars. We find a mean thickness of ∼ 3 kpc, after accounting for distance uncertainties in the BHB stars 6 , comparable to the projected width of Sgr on the sky. These measurements are in a similar range as those given by Correnti et al. (2010) in Red Clump stars (their Table 2 ), when the assumed overestimation by a factor of 2 which is introduced by their measurement method is taken into account. Inspired by the clear appearance of the leading arm in position (and velocity), we use this measurement of the line-of-sight thickness to select a sample of highly likely stream stars from the spectroscopic SDSS sample. We choose stars within 2σ of the stream in line-of-sight distance. This subsample of stars shows a clear overdensity in velocity space, which matches model predictions reasonably well. This strengthens the results of Yanny et al. (2009) who showed that BHB star candidates in the area selected to represent the spatial position of the leading arm in K/M-giants were overdense in velocity space. They find a similar trend in velocity space, but with far more outliers, probably due to the higher level of contamination in the BHB star sample and the broader selection box for the leading arm. From our spatially selected sample, we measure an average velocity dispersion of Sgr stars of 37 km s −1 . We further select stars within 1σ of this velocity overdensity to be in our 'clean' sample of ∼ 70 Sgr BHB stars; such a sample suffers from the inhomogeneous angle coverage and distance limitations inherent to spectroscopically-selected SDSS BHB stars, but has the advantage of high fidelity.
Using the spatially selected Sgr BHB star sample we examine the observed bifurcation of the Sgr stream on the sky and its implications for the distances of the two branches. Different distances of the two branches of the stream have been reported by e.g., Belokurov et al. (2006a) , Yanny et al. (2009) and Niederste-Ostholt et al. (2010) and are also predicted by models (Peñarrubia et al. 2010b ). This bifurcation is of particular interest for the understanding of the formation history of the Sgr stream. It has been a challenge for models to reproduce and explain the origin of this feature. It was proposed to have originated from wraps of different age (Fellhauer et al. 2006) , but also intrinsic properties of the progenitor were offered as explanations. Recently, Peñarrubia et al. (2010b) presented a model in which this bifurcation is reproduced when a rotating disk galaxy is assumed as the progenitor. There is no indication of a spatial bifurcation on the sky in our BHB star sample therefore we use MSTO stars to define the two branches on the sky. We measure the mean and width of the two parts along the leading arm and find only a small 1-2 kpc offset between the two branches over a wide orbital angle range and no clear systematic separation in the sense that one is always clearly closer in than the other (c.f. Yanny et al. 2009; Correnti et al. 2010) . Yanny et al. (2009) reported a trend by visual impression that the branch at higher galactic latitude tends to be at closer distances than the branch at lower galactic latitude. Correnti et al. (2010) found similar to slightly higher offsets between the distances of the two branches compared to this study, but here again no clear trend is seen for one branch being always at closer distances than the other. Although the actual values for mean distances of the two branches in our data set seem to be quite sensitive to the precise location of the separation cut on the sky, we clearly do not see a separation on the level shown in Niederste-Ostholt et al. (2010) for the same range of positions along the stream or predicted by the models (Peñarrubia et al. 2010b) . It is worth noting that this distance separation appears here to be much smaller than the separation of the two branches on the sky which is at a 10
• level. This strong discrepancy between the small line-of-sight separation and the much larger separation perpendicular to that might be challenging to reproduce in the models.
